Abstract: The DNA damage caused by TiO 2 under in vitro conditions by UV-A exposure in the presence of anionic vesicles of Aerosol OT (AOT) was investigated. The supercoiled form (S) in DNA plasmids was converted to the linear form (L) via the relaxed form (R). The DNA damage was slower in the presence of AOT vesicles prepared in aqueous NaCl solution. Moreover, the presence of AOT vesicles in solution after 6 h of UV irradiation was confirmed with an optical microscope. Probably, a fraction of the DNA was protected by random trapping during sonication. However, the addition of NaCl needed for the vesicle formation can decrease the TiO 2 activity. On the other hand, in the absence of vesicles the NaCl concentration led to a profound influence on the adsorption of DNA onto the TiO 2 surface. During UV irradiation, the degradation rate of DNA increased with increasing the salt concentration.
INTRODUCTION
Sunlight radiation reaching the surface of the Earth includes UV-A and UV-B. The UV-A radiation (320-400 nm) is the main component of sunlight causing tanning, actinic premature skin aging, dryness and exfoliation and dermatological photosensitivity of the skin and has been implicated in structural and cellular and skin damage [1] [2] [3] [4] . On the other hand, the UV-B radiation (290-320 nm) contributes significantly to erythema and skin cancer 4) . In order to protect human skin from such damage, different kinds of sunscreen lotions have been formulated and commercialized. Typically, sunscreens contain "chemical filters", that is organic compounds that absorb strongly in the UV (most often UV-B) and "physical filters", such as TiO 2 , ZnO and Al 2 O 3 that block UV-B and UV-A sunlight through reflection and scattering. However, these "physical filters" are able to absorb significant UV radiation 3, 5) . Moreover, these pigments are also well-known semiconductor photocatalysts having bandgap energies of 3.2 eV (absorption edge, 387 nm) for TiO 2 anatase and ZnO, and 3.0 eV (414 nm) for TiO 2 rutile. These pigments can generate harmful reactive oxygen species such as O 2 -, HOO and OH radicals when subjected to UV-A/UV-B radiation 2) . Accordingly, these species can cause severe damage of the DNA through strand breaks, as reported in several studies [1] [2] [3] [4] [5] [6] . However, some anti-oxidizing agents present in the human body are able to partially protect DNA. Thus, Hidaka et al. 1) demonstrated that the addition of L(+)-ascorbic acid or catalase significantly reduces the DNA damage. Moreover, in a different way, the membrane of the living cell can be a protective barrier against chemical and biological assaults. In these conditions, vesicles can be employed as a simple model of a living cell, as mentioned by some authors [7] [8] [9] . When one surfactant is used, the presence of salt is needed
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to promote vesicle formation [9] [10] [11] . Indeed, according to Grillo et al. 9) , the free ions produced by the salt dissociation can screen the repulsive electrostatic interactions between the micelles in solution and lead to vesicle formation. In a mixture containing DNA and vesicles, the entrapment of DNA within vesicles could be expected. The sonication procedure that is commonly used to prepare vesicles 9, [11] [12] [13] [14] [15] can also provide energy to break the membrane bilayer. During this step, new vesicles are formed and the entrapment of DNA could occur. Jay and Gilbert 14) have observed the protection of DNA from digestion with DNase. They concluded that the DNA was encapsulated by random trapping during sonication.
In the present work, we investigated the DNA damage caused by TiO 2 under in vitro conditions by UV-A illumination in the presence of anionic vesicles. Moreover, because vesicles cannot be formed without salt, the effect of NaCl concentration has been examined. The different forms of DNA plasmids (Supercoiled (S), Relaxed (R) and Linear (L)) have been assayed by agarose gel electrophoresis.
EXPERIMENTAL

1
Nanostructured TiO 2 powder (P25 from Degussa) was used as photocatalyst. The TiO 2 P25 pigment contains 83% anatase and 17% rutile and has a specific surface of 55 m 2 .g -1 . The DNA plasmids (pUC18) with 2686 base-pairs (A 260 /A 280 = 1.76) were supplied by Nippon Gene (Wako). The DNA plasmids were used without further treatment. All solutions containing NaCl were prepared from an isotonic sodium chloride solution (Hikari Seiyaku, Co. Ltd.). Aerosol OT (AOT) (sodium bis-2-ethylhexylsulfosuccinate) was supplied by Wako Pure Chem. Ind., Ltd. AOT forms micelles when the concentration is above 2.48 mM at 25 as reported by Li et al. 16) . In this work, the critical micellar concentration (cmc) at neutral pH determined by surface tension measurement is 2.3 mM at 5 .
2
An AOT solution was prepared by dissolving a weighed amount of AOT in pure water. A vessel containing 1 mL of the AOT solution was heated until the water evaporated. After that, the AOT film was hydrated by addition of 1 mL of NaCl solution. Then, the solution was subsequently shaken and kept for 30 min at 50 in a water bath. During this procedure, the mixture became opalescent, indicative of the formation of AOT vesicles. By means of an optical microscope, the size and the shape of the vesicles can be observed. The solution containing AOT vesicles can be prepared at various salt concentrations. In addition, vesicles are stable after storage in a refrigerator for 12 h at 5 .
3
The reactor consisted of a small cylindrical glass vessel, which is placed inside a glass jar containing water and ice. The UV lamp (HPK SHL-100UVQ, 75 W) was placed above the reactor so that the UV irradiation passed through a 360 nm ( 11 nm) interference filter, giving a light flux between 349 and 371 nm of ca. 5 0.5 W.m -2 . A solution containing DNA (3 mL) and AOT solution, containing vesicles or micelles, (150 mL) were sonicated in a bath (Branson 1200, Yamato, freq. 47 kHz) for 5 min at room temperature. Preliminary experiments were performed to confirm that no DNA damage occurs after 5 min of sonication. Then, 150 mL of TiO 2 solution (1 g.L -1 ) was mixed with the previous solution. The final total volume of the solution was about 300 mL, which was cooled at 5 2 under agitation with a small magnetic bar. All experiments were carried out at neutral pH.
4
Gel electrophoresis experiments were performed with a Funakoshi, model No.1316R instrument (Tokyo, Japan) equipped with an ESP 250 power supply. A Kodak Digital Science EDAS-290 analyzer system (Invistrogen Co. Ltd.) was used together with a UV trans-illuminator.
The agarose gel (2%, agarose S, Nippon Gene Ltd.) was added to a 0.04 M Tris-acetate, 0.001 M EDTA buffered solution (pH = 8; 50 mL) and subsequently dissolved by microwave-assisted heating. Then, the agarose solution was poured into a UVT gel tray (13 16 cm) to prepare a 3.5 mm gel thin film. The above buffer solution was added to the gel electrophoresis equipment to a depth of 10 mm, and before solidification of the thin layer gel a comb having twenty teeth was placed to prepare a 3.5 mm thick gel layer after 30 min.
After a given irradiation time, 5 mL of solution was collected in a microtube and stored in the refrigerator until later analysis. Then, 1 mL of loading buffer Triple Dye (Nippon Gene, Wako) was added to each illuminated sample and was gently injected into each hole of the agarose gel. Gel electrophoresis analysis was performed after an applied voltage of 100 V for 2 h, then the gel was immersed in buffer solution containing ethidium bromide (0.1 mg.mL -1 ) and finally agitated with a see-saw shaker for 30 min. The DNA visualization of the gels was carried out using a Funakoshi NTFM-20 20 Watt UV trans-illuminator and gels pictures were recorded with a digital camera (Kodak, USA). The pattern of DNA configurations (S, R and L) was determined by using an EDAS-290 analyzer (Kodak, USA) with which, the intensity of each band could be calculated.
RESULTS AND DISCUSSION
AOT solutions were prepared at different NaCl concen-trations: 10, 25, 50 and 75 mM. Each sample were mixed with a solution containing TiO 2 suspensions at a volume ratio of 1:1. Finally, the mixture contained AOT vesicles (4.5 mM) and TiO 2 suspensions (0.5 g.L -1 ). Two photographs of a vesicle dispersion containing 10 mM and 75 mM NaCl are shown in . Theses photographs were taken through an optical microscope and were examined at 500x magnification. As can be seen, some giant unilamellar vesicles, of about 30 mm in diameter, at both NaCl concentrations were formed. The arrows show the aggregation of TiO 2 particles in aqueous suspensions. At first sight, the salt concentration and the TiO 2 suspensions do not modify drastically the size and the stability of vesicles.
In order to better understand the impact of the vesicles, the degradation of DNA was performed in the presence of AOT and without NaCl. In theses conditions, only AOT micelles were formed.
The pictures of gel electrophoresis as represented in show the DNA damage in the presence of a mixture containing TiO 2 suspensions and AOT. For comparison, the pattern of DNA damage in the absence of AOT is shown ( ). For all experiments, before irradiation, the sample was kept in the refrigerator until the end of the experiment. In all panels, before irradiation, the DNA plasmids are mainly in the supercoiled form (S). This result reveals that DNA plasmids are stable in the presence of TiO 2 suspensions ( ) but also in the presence of both AOT micelles ( ) and AOT vesicles ( ) in the dark. Furthermore, The L-form was not appreciably formed for the AOT-free system in the presence of TiO 2 as shown in ( ), whereas the L-form was obviously formed and increased with UV irradiation time in the presence of AOT micelles. In both cases, the supercoiled configuration disappeared after 2 h of UV illumination. Meanwhile, the intensity of the relaxed band increased and then decreased according to the irradiation time. It is noteworthy that the band intensity corresponding to the linear configuration (L), detected only in ( ) and ( ), increased slightly with exposure time as well. On the other hand, in panel ( ) ( ), it clearly appears that the supercoiled configuration is still detected after 6 h of UV irradiation. Concomitantly, the intensity of the relaxed band increased slightly, whereas the linear form was not detected.
In order to show the variation of both S and R forms, the intensity of each band was determined from the panel display in . The temporal changes in the relative intensity of the S band and the intensity of the R band of the gel electrophoresis patterns for damage to the DNA plasmids in the presence of different mixtures are depicted in . The variation of the S and R configurations is quite simi- lar when the DNA plasmids were irradiated both without AOT and in the presence of AOT micelles. This result indicates that AOT micelles have no significant impact with regard to the DNA damage and the TiO 2 activity. Indeed, at neutral pH, the DNA plasmids are negatively charged due to their phosphate backbone 17) . Therefore, owing to the electrostatic repulsion, AOT micelles cannot interact with the DNA plasmids. One the other hand, in the presence of AOT vesicles, the DNA is more stable since the supercoiled configuration is still present in solution after 6 h of UV illumination. At the same time, the amount of the relaxed form increases slowly during the UV exposure. In these conditions, because of electrostatic repulsion, no interactions occurred between the DNA plasmids and the anionic vesicles 18) . Thus, the results as shown in can be explained by considering that a fraction of DNA could be entrapped randomly within AOT vesicles. This hypothesis is consistent with the fact that vesicles were observed through the optical microscope after 6 h of illumination. However, the presence of NaCl has to be taken into account during the photoinduced process: the salt can interact with DNA and can also diminish the TiO 2 activity.
The interaction between NaCl and DNA has been investigated. The DNA plasmids were added to a solution containing different concentration of salt (10, 25, 50 and 75 mM). The results (not shown) reveal that DNA plasmids were not damaged whatever the salt concentration. Then, a similar experiment was performed by mixing the previous solution with a TiO 2 suspension and then submitting it to UV exposure.
The gel electrophoresis patterns with respect to the impact of NaCl concentration are shown in . When based on each intensity of the starting DNA plasmids before irradiation, the intensity of the S band decreases with increasing salt level. In addition, the amount of the relaxed form can be neglected at any salt concentration, implying that no degradation of the S form occurred. These results suggest that the interaction between DNA and the TiO 2 surface depends on the salt concentration. Indeed, Nguyen et al. 17) have studied the adsorption of DNA supercoiled plasmids onto silica surfaces in the presence of NaCl. They reported that negatively charged DNA is screened due to the presence of salt 17) . This leads to an overall decrease in the electrostatic energy barrier between the silica surface and the DNA molecules and to an increase in adsorption rate. Moreover, some studies reported that the amounts of DNA that adsorbed to sand increased with the salt concentration 19, 20) . In addition, it has been noticed 19, 20) that van der Waals' forces can be responsible for such adsorption of DNA onto a solid. During UV illumination, the panel ( ) shows that DNA plasmids are damaged faster when the NaCl level is increased. The variation of the band intensity as a function of salt concentration is illustrated in . For comparison, the temporal variation for both the S and R forms in the absence of NaCl was plotted. The degradation rate of the supercoiled form increases with the salt concentration. Furthermore, the NaCl promotes the degradation rate of the R configuration. This result is consistent with the fact that the S form is mainly damaged and converted into the R form. Nevertheless, it should be noticed that no linear form was detected (see ), indicating that L form could be strongly adsorbed onto the TiO 2 surface. These results are in agreement with the fact that at a high salt concentration a higher amount of DNA is adsorbed onto the TiO 2 surface.
AOT vesicles are formed at any NaCl concentrations between 10 mM and 75 mM. Therefore, the DNA damage in the presence of AOT vesicles at different salt level can be examined. DNA plasmid were illuminated in the presence of vesicles prepared at various NaCl concentrations.
All panels (illustrated in ) were almost identical. Particularly, the analysis performed for each sample before UV irradiation shows that the amount of supercoiled form remained constant at any NaCl level. Owing to the presence of vesicles, the salt does not improve the DNA adsorption onto the TiO 2 surface. Under UV exposure, overall the results demonstrated that a fraction of supercoiled DNA was converted into the relaxed form. 
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shows the variation of both S and R bands determined from the photography of the gel electrophoresis (see ). For comparison, the plot of DNA damage in the presence of AOT micelles is illustrated in . From these results it appears that NaCl concentration has no significant effect on the DNA damage. Some explanations could be proposed: probably, the salt promotes the adsorption of AOT vesicles onto the TiO 2 particles. Thus, the amount of DNA plasmids adsorbed decreases, which could explain why DNA remains mainly in the supercoiled form after 6 h of UV exposure. However, as previously mentioned, after 6 h of illumination, vesicles are still present in the solution. Therefore, a fraction of DNA could be encapsulated by random trapping into vesicles. In such a case, the membrane bilayer can protect the DNA plasmids against the active oxygen species generated by TiO 2 under UV irradiation.
CONCLUSION
In the present work, we investigated DNA damage caused by TiO 2 under in vitro conditions by UV-A irradiation in the presence of AOT vesicles. It has been demonstrated that DNA is more stable when vesicles are present in solution. Moreover, the NaCl concentration has no significant effect on the DNA damage. From these results, we conclude that the presence of salt could lead to a decrease of the TiO 2 activity. Nevertheless, a fraction of DNA could be encapsulated within the vesicles by random trapping. In such a case, protection of the DNA against the active oxygen species generated by the TiO 2 under UV illumination can be considered to be operative. 
